THE purpose of this paper is to direct some attention to the nature of the organic material associated with enamel. Some of this organic material covers newly formed enamel while some permeates enamel. Up to the present it has not been found practicable to examine the surface layer separately from the organic material in the body of the enamel although there is some reason to suppose that they may differ. The technical difficulty of separation of the portions referred to, provides an explanation for the method of presentation of enamel formation. As the surface layer has not been examined separately from the organic material in the body of the enamel they are considered together from the (levelopmental aspect.
I. DEVELOPMENT
It is established that ameloblasts lay down enamel. When enamel formnation is complete, the ameloblasts now apparently functionless are thought to remain in situ, and eventually to fuse with part of the gum epithelium so forming Nasmyth's membrane. This explanation does not account for the presence of cells on the surface of enamel, as showNn by Orban [1] , and it may be said that knowledge of the development of Nasmyth's membrane is incomplete.
The study of enamel formation presents difficulties, some shared with embryology in general, others associated with the hardness of the tissue. Newly laid down eniamel matrix is soft and readily cut. Between this soft readily cut material and old enamel there are several stages. Chase [2] described four such stages primary, young, transitional, and hard. These coincide with the phases demonstrated by the aid of a polariscope by von Ebner [3] . Laboratory experience in the preparation by microtome of tooth sections supports these observations. It is clear that the presence of organic material in the body of enamel can be explained on a developmental basis, but while knowledge of calcium metabolism in general remains incomplete, much remains to be added to our knowledge of enamel formation. Chase states " that hypoplastic enamel contains a high proportion of incompletely matured enamel, which is usually in the transitional stage of maturation II.-DISTRIBUTION Mastication soon removes Nasmyth's membrane [4] from the exposed parts of teeth, but between culsps of bicuspids and between the cusps of molars it may remain intact throughout life. The teeth of Australian aborigines often show facets of wear caused by a tooth rubbing against its neighbour these facets are seldom seen on the teeth of civilized people. It is then possible that Nasmyth's membrane may remain between the teeth during life. Investigation into the distribution of this membrane is affected by the fact that stains do hot readily differentiate between this structure and adventitious films of such substances as mucin.
If enamel free from dentine be heated to between 260°C. and 270°C. for ten minutes it changes colour. If apatite, which most nearly corresponds to enamel in chemical constitution (as show%n by Murray) [51, be heated in the same Mway, it does not change colour. The colour change is from that of normal enamel to a shade resembling a grain of ripe wheat, some-where between light khaki and buff. This change of colour is not a surface phenomenon but is continuous throughout the thickness of the enamel, and is due to the charring of the organic material present in the enamel. The presence of organic material at the junction of enamel and dentine has long been an accepted fact. About the development of this structure little is knowAn, and about its composition less.
III. COMPOSITION In my research on caries some work on the organic content of enamel soon became inevitable. Since 1887 w-hen Thompson [6] spoke of an organic matrix of horny matter " keratine "-this description has been accepted by most writers. It appeared to be a reasonable deduction since enamel is epithelial in origin.
The work of Rosebury [7] is probably the most detailed carried out on the organic material associated with enamel. Using extreme care he collected the material by filing enamel and then removing the inorganic part by acetic acid, collecting the organic part by the aid of dialysis.
I have confirmed some of Rosebury's findings and extended them. My method of collection of organic material is by the use of 2% HC1 to remove the inorganic salts.
Sound incisor teeth are scrubbed with alkali to remove mucin, the pulps and roots removed, and the crowTns decalcified by 2% HCI. The dentine pieces are picked out and the organic material -washed and centrifuged several timnes. For the quantitative results given, unerupted teeth were used. The supply of these is, however, limited, and for some qualitative work non-carious human incisors have been used. covering such lower animals as insects, which possess an exoskeleton, there exists chitin, in which there is a high proportion of carbohydrate conjugated with protein.
In higher animals, with an endoskeleton, the covering is largely keratin, which is a sclero-protein. Below is shown a short list of some appendages to skin: Hair, feathers, &c., containing sulphur as cystine, with molecular linkage sulphur to sulphur. Teeth are developmentally gum-appendages; here sulphur appears not to be in the form of cystine, but possibly in the form of methionine, in which the molecular linkage is sulphur to carbon. Both keratin and enamel protein resist the action of acids. When collected in the manner described, enamel protein appears as a flocculent, yellowish-brown mass with density near that of water. Heated on platinum foil to redness the protein is incinerated, only a trace of residue remaining. This trace is soluble in acid, and precipitated by oxalate, and in this respect resembles a calcium compound.
Nitrogen determinations have been made by micro-analysis by Schoeller, and by Weiler. When these were carried out the presence of other organic substances was not suspected. The first series of nitrogen determinations on an ash-free and a moisture-free basis gave a result of 9.2% nitrogen. As proteins range from 12 to 19% nitrogen this low estimation left some doubts as to methods of collecting. Further consideration was given to this point; it seemed that the material must be organic, i.e. protein, carbohydrate, or fat. For this point Dr. Nanji's assistance was welcome (personal communication). Further collection of material was made and divided into two portions. Of these one was extracted several times with ether and with petroleum ether. The other part of the same collection was dried in air and not exposed to ether. It has been found by micro-analysis that 1% of fatty material is present. Examination of the ash by Dr. Margaret Murray of Bedford College, has shown that approximately 2% calcium is present. When corrections-for ash and for fatty material-are made, the nitrogen determination of the protein is 12.1%, that is within the range covered by proteins.
Tested for the presence of tyrosin by Millon's reagent the protein gives a positive result, that is a red colour. It was difficult to hydrolyse the protein so that further tests for the presence of other amino acids are incomplete.
It has been said that keratins are proteins rich in cystine, though Block and Vickery [8] do not regard this as a necessary characteristic. Rosebury, in the work mentioned above, used the lead test for cystine, but states that " at best it is not a delicate reaction ". A standard test for cystine is the sodium nitro-prusside method. The writer has tested hair, wool, skin, nail, feathers, horn, hoof, all typical keratins, and all giving a marked purple colour with this test, showing the presence of cystine. So far no satisfactory positive result by the use of this method has been seen with enamel protein. This failure to demonstrate the presence of cystine may be due to such causes as: Absence of cystine, difficulty of hydrolysing the protein, presence of sulphur in some form other than cystine, e.g. methionine. Both cystine and methionine are, of course, amino acids containing sulphur. Methionine is of recent discovery (Mueller [9] ). It would not be too much to say that the discovery of methionine has necessitated complete revision of our ideas of sulphur-containing compounds in proteins, although Jordan Lloyd [10] states that Danilewsky [11] suggested " that proteins contain sulphur in two different states of combination, some of it being more firmly combined than the remainder ".
It may be of interest to point out that enamel protein has been examined by Kanner in Chicago (personal communication) by the aid of Heyrovsky's palarograph. He claims to be able to detect cystine in amounts as small as one gamma (= one thousandth of a milligramme). By the use of this sensitive method he has not been able to demonstrate the presence of cystine in enamel protein.
One quantitative estimation of sulphur has been done by micro-analysis of enamel protein (Schoeller) ; this showed that 1*2% of sulphur was present. The presence of sulphur has, then, been demonstrated, but so far the presence of the amino acid characteristic of many keratins, cystine, has not been demonstrated. In this respect enamel protein appears to differ from many keratins. It should be pointed out that there are technical difficulties associated with sulphur determination, partly because sulphur is not readily oxidized. In passing it may be noted that when Cape and Kitchin [12] examined enamel protein by the use of polarized light they stated that " if the matrix of enamel is keratin, it is evident that we must consider it as a different type of keratin from any other we have examined ". At the same time the limitations of the method they relied on must be recognized. The percentage of sulphur found by Schoeller in enamel protein 1-2 %-may be contrasted with the figures given by Cole [13] who states that " keratins are proteins containing 2 to 15% of sulphur ".
Other tests have been applied to enamel protein. A faintly positive biuret reaction has been observed. The xantho-proteic test can hardly be considered conclusivethe protein being yellowish when first collected; some change of colour with this test has, however, been observed. After exposure to boiling alkali no blackening of lead acetate has been seen. It is to be noted that methionine does not split off sulphide on boiling with alkali. Enamel protein has been examined by Dr. W. T. Astbury by the use of X-ray spectography. The results have suggested that the picture differs from that given by some keratins. The principles involved in this novel method, and their application, are described in a series of lectures by Dr. Astbury [14] to students, inhis book (1933) . The appearance seen by Dr. Astbury with enamel protein, suggested that it resembled a substance separated by him from wool andcalled, tentatively, " 4.1 protein ", this being a reference to the measurement of the repeat pattern. Supply of enamel protein being of such limited nature it was hoped that the larger quantities of the 4-1 protein available, separated from wool, might facilitate study. Technical difficulties interfered with the method and itwas not pursued fuirther. It might be mentioned that the largest collection of enamel proteinmade so far weighed about 30 mgm.; this took about six months to collect.
In the field of biochemistry, sulphur compounds and the position occupied by sulphur in the proteinmolecule, are receiving greater attention than formerly. One aspect, of a clinical nature, is the work being carried out on the sulphonamide compounds in connexion with their bactericidal action. Enamel protein has been exposed to the action of pepsin, trypsin, and papain. While some attack occurred with each of these enzymes, in no case was complete hydrolysis observed. It is uncertain whether action is extremely slow or whether the protein is not homogeneous and one fraction only is attacked. At an earlier stage of the work it was thought that the protein was soluble in potassium cyanide. This observation proved later to be inaccurate. Some attention has been given to the point referred to above the presence of fatty material. This may come from the dentine, althoughinicroscopic comparison of hard-ground and decalcified sections of dentine does not support this assumption. Tests have been carried out by the aid of microscopy on the minute quantities of fatty material available. From a consideration of solubilities it is thought that this fatty material resembles in some respects a sterol. This may be of interest in connexion with vitamin D. It is not intended to discuss this aspect in detail as the work is incomplete. Routine methods of examination of fats cannot be applied to the quantity at present available, usually far less than 1 ingmn., so that estimations of saponification value, iodine value, or of melting point have not been attempted.
There is some doubt as to whether more than one fatty substance is present.
It is well known that the sterols are closely related to bile salts; substances of this nature are cholane derivatives, all related to phenanthrene. Of the sterols, irradiated ergosterol is calciferol, i.e. vitamin D2. While it isknown that cholesterol and similar substances are widely distributed in the human body, the possibility of their presence or significance in the teeth appears to have been overlooked.
From a consideration of the facts set out above it will be seen that the organic material associated with enamel is asclero-protein, containing abundant tyrosin. Sulphur does not appear to be present in the form of cystine, but possibly in the form of methionine. It is a protein of resistant nature resembling reticulin.
Proteins of the class just referred to sslero-proteins are characterized by their resistance to acid attack and to pepsin. It will be realized that experiments of this type can obviously never be the exact counterpart of clinical caries, but they are not without interest. From the above approach to the problem of caries it will be clear that acid attack alone is not responsible for the phenomena of caries. In the extensive literature on caries may be found references to the disappearance of Nasmyth's membrane but-if wear be excludedno reference to the means by which this is brought about. A number of experiments have been carried out with mouth bacteria, and these have confirmed the fact that Nasmyth's membrane is of an extremely resistant nature. Among the bacteria known to be proteolytic are the Clostridia. Mouth organisms of this class have not been extensively studied. A number of hypotheses might be advanced to account for the phenomena of caries; of these, attack on the inorganic portion of enamel-Miller's theory has, in the past, received most attention, but is not proven. Attack on the organic portion of enamel is a hypothesis which, in the past, has received little or no attention.
Though the study of the organic content of enamel remains at present in a somewhat academic form its possible importance in connexion with the clinical problem of caries should not be overlooked.
